nil
((1-2P )%, +P
1-0 1 . bi

1ot

~1
[}

% + X fapie e (A-6)
i=0 i

This shows, in particular, that there is a bias introduced in the declaration
of channel output level due to channel errors. In the particular case when

the bit error probabilities are all equal so that P, =P, 1i=0,1,...,N-1,

b, b
i
we have
= (1-2p )2 +(Q-1)P (A-T7)
where it is recalled that Q=2n.
Now consider the quantity
n-1 n-1 s
—_— i+
= g kk, 2 e o R | (A-8)
i=0 J-O
If i#j we have kikj = Eiij since successive bit transmissions are assumed
independent. For i=j, on the other hand, we have
o 2 2
= ge + P — = -
(1 . )zi Pb_(l zi) (1 2Pb-)2i+Pb. (A-9)
il i i i
where we have made use of the fact 2? = li. It follows that
Z f(1-2p )a 4P Je=
Ak el
i=0 bj i
n-1 n-1 i+]
g Fliay {(1-2P, )8, +P, }{(1-2P )2J+Pb Y2 (A-10)
i=0 J=0 b3 J g g
i#J
whereupon after some algebra this reduces to
2 P, (1, 2?1 4 %2 (A-11)
1=O i
with k given by (A-6). 1In the particular case Pb =P, i=0,1,...,N-1, this
i

yields — P (1-P,)(Q%1)
¥ = =2 o N [(1-2Pb)2+(q-1)Pb]2 . (A-12)




Finally, in the general case we have

> n-1 oi n-1 i 2
E{(k-2)°|2} = ] B, (3B 025 ) P, (1-P, )2 (A-13)
i=0 “i .3 i=0 i i

which is independent of the transmitted level 2. It follows that
2

n-1 n-1
e2/0° = 4% 1 P_(1-P Jort 4 1 B (-p )2t (A-1k)
n' e S Thh b. SitdibE bl
i=0 i i i=0 i i
In the particular case that Pb = Pb’ i=0,1,...,N-1 we have
i
2
4 2,.2 2 gg -12 2
= A - = = -
e /9, Pb(l Pb) S Pb(l P )(Q 1) (A-15)
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Appendix B

Evaluation of Mutual Error Term

The mutual error term em can be expressed as

E{Q. X! .} -
i o - % WRRR R b
“m " ®o F Voo o a (513
“ 02 k=—o f=-x ihj k,f. 1-k,J—R,

where {N., .} is the channel noise appearing at the input to the decoder and

i,d

{dk 2} is the 2-D impulse response sequence of the decoder evaluated according
’

to k- l -1

R
dk,z = (eng) D(zl,ze) z, dz,dz, (B-2)

with the closed contour integral taken around the unit polydisc in the complex

space c2 possessing coordinates z Zz,. Assuming the channel is memoryless

12 =2
it follows that
BIQy yFyn? = 81 x50 2
with 61 3 the 2-D impulse sequence defined according to
’
1 ; i=j=0
S
1,d 0 ; elsewhere (B-L)
Evaluation of the expectation on the right-hand side of (B-1) yields
E{Q, .N. .} E{Q T T
= ___&51_241_d0 ———-*1—**1— (l 2.ye [ I pled* I 2)anan, . (B-5)
9
e e =T =T
Observe now that
E{Q, ,N. .} Q-1 Q-1 E
— i, a8 -2 ) ) I L+l (& % )
= -X,)p_(E)AE Y (X -X )P
o2 ® a0 S0 E NP
e E
2
g=1 Q=1
=4 ] ] (k-2)egP
k=0 250 k|2 i
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where

€ {y-[2-(a-1)/2]a}p,(y)dy ; £=0,1,...,Q-1 . (B-T)

, A El+l/oe
;=

Furthermore, since ﬁE(-) is assumed symmetric it is easily established that
et =_ € _ 3 2£=0,1,...,Q/2-1 . (B-8)

The sum on k appearing on the right-hand side of (B-6) is easily recog-
nized as the conditional expectation of the difference (k-%) given that the

2'th level was transmitted. That is

Q-1
E{(k-2)|2} = } (k—-'z)Pkl2 =k -2 (B-9)
k=0

where, as in Appendix A, the overbar indicates conditional expectation given

the 2'th level was transmitted. From previously established results

n-1 s
E((-2) |2} = ] (-2,)B g (B-10)
i=0 b

where again Qi’ i=0,1,...,n-1 represent coefficients in the binary expansion

of the integer £ and P is the associated bit error probability. It follows

b.
i
that
EfQ: N} Q-1 | n-1
=L P e, o (8-11)
= M 1 b 2 .
o 2=0 i=0 i

Now consider performing the summation on &. For each 2=0,1,...,Q/2-1the term
within braces will be the negative of that for the index Q-1-%£. From the

similar symmetry condition expressed by (B-8) we have

E{Q, ,N. .} Q-1 n-1 "
—Lad dad's o ] I (1-20)p, 2" peg (B-12)
o 2=Q/2 | i=0 S

so that finally

Q-1 n=-1 i
= = (> }
e =28 ]} ] 2zi)Pb12 i

1
(2n

m

T
¥ f I p(ed* eI 2)ar ar, . (B-13)

-T=T

L=Q/2 | i=0
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Number of Output Normalized Step Size A
Levels Q Gaussian Laplacian
1.596 1.414
0.996 1.087
8 0.586 0.731
16 0.335 0.456
32 0.1881 0.281
Table 1

Summary of Normalized Step Size A

for Optimum Uniform Quantizers for

both Gaussian and Laplacian Error
Sequences




Vertical Correlation |Horizontal Correlation
Image 1 P2
Head-and~Shoulders 0.973 0.981
Outdoor Scene 0.957 0.967
Table 2

Estimated Vertical and Horizontal Correlation
Coefficients for Test Images
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L points
Figure 1

I1lustration of Image and Boundary
Points in 2-D Autoregressive Process
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T

\J.) Original T_»)) 1-bit DPCM

2-D DPCM

Quantization

Figure 5

Encoding of Typical Head-and-Shoulders Image.

1o

fects on Reconstructed Image; Gaussian Quantizer.
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a) Original b) 1-bit DPCM

c) 2-bit DPCM d) 3-bit DPCM

e) L-bit DPCM

Figure 6
2-D DPCM Encoding of Typical Ilead~and-Shoulders Image.

Quantization Effects on Reconstructed Image; Laplacian Quantizer.
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a) Original b) 1-bit DPCM

¢) 2-bit DPCM d) 3-bit DPCM

e) L-vit DPCM " f) 5-bit DPCM
Figure 7

2-D DPCM Encoding of Typical Outdoor Scene.

Quantization Effects on Reconstructed Image; Gaussian Quantizer.
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a) Original b) 1-bit DPCM

¢) 2-bit DPCM d) 3-bit DPCM

e) L-bit DPCM f) 5-bit DPCM
Figure 8
2-D DPCM Encoding of Typical Outdoor Scene.

Quantization Effects on Reconstructed Image; Laplacian Quantizer.
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a)

c)

e)

Original b) 1-bit DPCM

2-bit DPCM d) 3-bit DPCM

L-bit DPCM f) 5-bit DPCM
Figure 9
Channel Error Effects on 2-D DPCM Image Decoding.
3

Typical Head-and-Shoulders Image;Pb=lO- .
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a) Original b) 1-bit DPCM

c) 2-bit DPCM d) 3-bit DPCM

e) L-bit DPCM f) 5-bit DPCM
Figure 10
Channel Error Effects on 2-D DPCM Image Deccding.

Typical Outdoor Scene;Pb=lO—3.
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a)

c)

e)

Original b) 1l-bit DPCM

2-bit DPCM d) 3-bit DPCM

L-bit DPCM f) 5-bit DPCM
Figure 11
Channel Error Effects on 2-D DPCM Image Decoding.

Typical Outdoor Scene;P.b=lO'_h
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a)

c)

e)

Original i)

2-bit DPCM d) 3-bit DPCM

L-bit DPCM £

Figure 12

Channel Error Effects on 2-D DPCM Image Decoding.
Typical Outdoor Scene;Pb=5xlO— :
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-bit DPCM

5-bit DPCM
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Uncoded 2-D DPCM System Performance for

Head-and-Shoulders Image; Gaussian Quantizer.
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Uncoded 2-D DPCM System Performance for
Outdoor Scene; Gaussian Quantizer
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Performance Bounds for Optimum Fixed-Rate Codes;
Outdoor Scene; Gaussian Quantizer.
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Performance Bounds for Optimum Fixed-Rate Codes;
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Performance Bounds for Optimum Fixed-Rate Codes;

Qutdoor Scene;

Gaussian Quantizer.
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Performance Bounds for Optimum Practical-Rate Codes
Combined with No Coding; Outdoor Scene; Gaussian Quantizer.
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Combined with No Coding; Outdoor Scene; Gaussian Quantizer.
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Practical Convolutional Code Performance;
Outdoor Scene; Gaussian Quantizer.
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Practical Convolutional Code Performance;
Outdoor Scene; Gaussian Quantizer.
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a.) n=2; no coding; SNR,.=54dB b.) n=1; K=6,R=1/2 code on MSB;
* SNR,=54B

c.) n=2; no coding; SNR,=84B d.) n=1; K=6, R=1/2 code on MSB;
o SR, =84B

e.) n=2; no coding; SNR,=12dB f.) n=1; K=6, R=1/2 code on MSB;
5 SNR, =12dB

Figure 26

Simulation Results on Outdoor Scene; N=2 Bits Transmitted.
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